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OBJECT 


To  take  a  series  of  high  speed  X-ray  pictures  showing 
the  functioning  of  '2Gnm  H,  E.  I.  Shell  K?7  (T23)  similar  to 
the  studies  carried  out  for  the  20  ;nm  H.E.I.  Shell  MK-I. 

SUMMARY 

A  series  of  high  speed  X-ray  pictures  have  been  taken 
which  show  the  functioning  of  20mm  H.E.I.  Shell  M97  (T23)  with 
Fuze  P.D.  T71S4  when  fired  through  the  following  thickness  of 
target  plates:  .012  in.,  l/l6  in.,  .083  in,,  l/8  in,  and  l/4  in. 

The  pictures  show  the  time  of  function,  the  manner  of  fragmentation 
of  the  shell  and  the  formation  of  the  hole  in  the  plate. 

At  a  striking  velocity  of  approximately  2850  f/s  against 
target  plates  placed  normal  to  the  line  of  fire  the  functioning 
of  the  shell  is  dependent  on  the  thickness  of  the  plate.  Against 
,083  in.  plate  all  shells  functioned  while  passing  through  or  after 
having  passed  through  the  plate.  Jhen  fired  against  l/S  in.  and 
1/4  in.  plates  the  shells  consistently  functioned  and  ruptured 
before  the  bourrelets  of  the  shells  had  passed  through  the  plate. 

None  of  the  shells  fired  against  the  ,012  in.  plate  functioned. 

When  fired  agrinst-  the  l/]6  in.  plate  the  shells  frequently  did 
not  function  until  they  were  completely  through  the  plate.  Two 
shells  out  of  20  fired  did  not  function  at  all. 

The  dependence  of  the  functioning  of  the  shell  on  the 
angle  of  impact  and  on  velocity  was  observed  on  ,083  in, plates. 

‘■•hen  fired  at  a  striking  velocity  of  approximately  2850  f/s  against 
the  plate  inclined  at  2C°  to  the  line  of  fire  til  shells  functioned 
consistently  and  ruptured  before  having  passed  half  w^y  through  the 
pl..te.  Against  a  plate  placed  normal  to  the  line  of  fire-  the  shells 
frequently  passed  completely  through  the  pi  :te  before  functioning,. 

.ih„n  fired  .it  1600  f/s  against  the  plate  placed  normal  to  the  line  of  fir 
eight  shells  out  of  35  fired  did  not  function  at  all. 

The  she  il s  swell  to  almost  twice  normal  diameter  before- 
rupture  is  visible. 

The  explosion  imparts  a  radial  velocity  vf  approximately 
2dVt  f/s  to  the  shell  fragments. 
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This  Arsenal  has  taken  high  speed  X-ray  pictures 
which  show  the  functioning  of  20  mm  H.E.I.  Shell  MK-I,  with 
Fuze  No,  253  13C-H,  when  fired  through  a  mild  steel  target 
(l/l6  in,  and  l/8  in,  thick)  placed  normal  to  the*  lino  of 
fire.  The  pictures  show  the  manner  in  which  the  shell  ,  . 
ruptures  and  the  formation  of  the  hole  in  the  target  plate, '  ' 

A  request  was  received  from  the  Office  Chief  of  Ordnance  to 
conduct  similar  studies  for  the  20  mm  H.E,I.  Shell  M97  (T23).''^' 

II.  METHODS 

A,  Weapon 

A  20  mm  gun  tube  AN- M2  was  used  for  the  firing. 

An  adapter  sleeve  was  screwed  on  the  breech  end  of  the  tube. 

This  sleeve  was  threaded  for  the  "A.E.S."  screw-on  firing  action 
permitting  convenient  single  round  firing, 

B.  Ammunition 

20  /mi  H.E.I .  Shell  1.97  (T23)  with  Fuze  P.D.  T71E4 
wore  used  for  these  tests,  A  stationary  radiograph  of  this  shell 
is  shown  on  Figure  1. 


C.  Targets 

Mild  steel  plates  (WD  1010  hot  rolled  annealed  and 
pickled,  or  cold  rolled,  dead  soft  temper)  were  used  as  targets. 
The  following  target  plates  were  used: 


(1)  .012  in.  ;<  12  in.  x  16  in,  placed  normal  to 
the  line  of  fire. 

(2)  l/l6  in.  (.063  in.)  x  12  in.  x  16  in.  placed 


normal  to  the  lino  of  fire, 

(3)  .087  in.  x  12 

tK  line  of  fire. 

(A)  .003  in.  x  12 
to  the  1  in e  of  fire  (70°  betw.cn 
the  plate). 

(6)  './G  in.  (.120 
normal  to  the  1  m.  of  fire. 

(6)  1//.  in.  (.250 
normal  to  the  lire  of  fire. 


in.  x  16  in.  placed  no  rand.  to 

ir. .  x  36  in.  inclined  .t  26° 
tr.e  trajectory  and  the  norm  1  to 

ir. .)  x  12  in.  >  16  in,  placed 

ir. .)  x  12  in.  x  2 1  in.  placed 
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D  High  Spued  X-Ray  Pictures 

The  high  speed  X-ray  equipment  (3)  was  used 
in  taking  the  pictures.  A  picture  showing  the  arrangement 
of  the  X-ray  tubes  and  film  with  respect  to  the  target  and 
fragment  protection  is  shown  on  Figure  I  of  Frankford  Arsenal 
Ordnance  Laboratory  Report  No.  R-480.(4) 

A  number  of  shells  were  fired  through  each 
thickness  of  plate  and  high  speed  X-ray  pictures  were  taken  at 
the  instant  of  impact  and  at  varying  times  thereafter. 

For  the  targets  placed  normal  to  the  lino  of  fire 
t..o  mutually  perpendicular  high  speed  X-ray  pictures  were  taken 
of  the  functioning  of  each  shell.  A  diagram  of  the  set-up  used 
in  taking  these  pictures  is  shown  on  Figure  3  of  Frankford  Arsenal 
Ordnance  Laboratory  Report  No.  R-480.  w)  The  line  of  fire  was 
varied  from  2  in.  to  4  in.  above  the  horizontal  film  cassette, 
Laximum  detail  of  the  functioning  of  the  shell  was  obtained  on 
this  horizontal  film.  The  mutually  perpendicular  picture  was 
taken  on  the  vertical  film.  This  film  was  located  9  in,  from 
the  line  of  fire  and  the  pictures  obtained  on  this  film  are 
lacking  in  detail.  However  the  failure  of  a  shell  to  function 
such  as  round  18  on  Figure  5  was  revealed  by  this  vertical 
picture. 


In  the  case  of  the  .183  in.  target  inclined  at  20° 
to  the  line  of  fire  only  a  single  hic,h  speed  X-ray  picture  was 
t  ken  of  the  functioning  of  the  shell.  The  horizontal  tube  and 
film  cassette  arranged  as  shown  on  Figure  3  (side  view)  of 
Frankford  Arsenal  Ordnance  Laboratory  Report  No.  R-480  (6)  were 
i  s  d  • 

All  high  steed  X-r  y  pictures  were  taken  at  360 
kilo-volt  pear,  and  using  P_u,_rson  fiZL5  industrial  combin'  tion 
intensifying  scr  e.as  with  Eastman  Flue  Br and  Ultra  Speed  X-Ray 
Film. 


in.  results  oiscl'ssic;, 

Ret  r  ntati  Ve  prints  of  the  X-r-y  pictures  .re  shown 
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The  pictures  shown  on  Figures  2,  5  and  19  arc  direct 
prints  from  the  X-ray  negatives.  The  pictures  shown  on  Figures 
3,  4,  and  6  to  18  inclusive  have  boon  copied  from  direct  prints 
made  from  the  X-ray  negatives.  The  copied  pictures  have  been 
reduced  to  approximately  l/3  size* 

Figure  18  is  included  for  comparing  the  manner  in  which 
the  20  mm  H.E.I,  Shell  MK-I  functions. 

Two  high  speed  X-ray  pictures  showing  the  fragmentation 
of  20mn  H..E.  Shell  MK-d  (Navy)  w)  arc  shown  on  Figure  19» 

Figure  9  shows  two  mutually  perpendicular  high  speed 
X-ray  pictures  of  on-  shell  exploding  with  a  time  interval  of 
~  p  p  r o x irri a t e ly  44  microseconds  bctw-cn  pictures.  The  average 

of  the 
cs  well 

P) 

The  X-ray  pictures  corrcl'.ted  with  observations  of  the 
target  plate  revealed  the-  following  facts.  Except  where  other¬ 
wise  indicated  the  shells  were  fired  at  service  velocity  against 
target  pi -tos  placed  normal  to  the  lino  of  fire. 


radial  velocity  imparted  to  the  fragments  by  the  force 
explosion  was  approximately  2800  f/s.  This  value  agro 
with  the  values  reported  by  liajor  Cl. .rk  of  Aberdeen,  \ 


(1)  ,012  in.  target  plate  (Figure  2) 

(  )  The  shells  did  not  function  when  fired 
through  this  tiiicknoss  of  plate, 

(b)  The  windshields  of  the  shells  ware  not 
crushed  up  as  a  result  of  the  impact, 

(2)  1/16  in,  (.063  in.)  t-.rget  pi:. to  ^  Figure  3,4,  5) 

(a)  The  shells  frequently  did  not  function  until 
th  y  ware  completely  through  th-  ;1  U  ,  Two  shells  out  of  20 
fir-d,  did  n  t  function  at  11, 

(b)  Th-  shells  which  did  function  v.hile  p.vsing 
through  the  pi  .to  ruptured  when  more  than  h  If  way  through.  Thir 
rerult-.d  in  cnly  small  i.ol-s  (2  l/C  in.  maximum  di  -voter)  being 
fOjT.eU  in  Uk  pi  .to. 


(c)  Thu 


iXX.I.  Sh-ll  ij;-I  (Fuze  J/.K-31 ) 
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(3)  .083  in.  target  plate  (Figure  6,  7) 

(a)  All  shells  functioned  when  fired  through 
this  thickness  of  plate. 

(h)  The  time  at  which  the  shells  functioned 
varied.  Eight  shells  out  of  32  fired  passed  completely  through 
the  plate  before  functioning, 

(c)  Shells  which  functioned  and  ruptured  before 
passing  half  way  through  the  plate  produced  large  holes  (6-7  ins. 
in  diameter).  The  momentum  imparted  to  the  petals  on  the  back 
of  the  plate  from  the  force  of  the  explosion  caused  them  to  curl 
back  and  form  the  large  hole. 

(4)  .083  in.  target  plate,  r?  11  fired  at  reduced  Velocity 
( loOO  f/s)/ Figure  8,9). 

(a)  Thirty-five  shell-:  van  fired  at  reduced 
velocity  through  this  thicKnes.;  of  pint...  Two  shells  functioned 
after  passing  through  i:a  pl.te.  Eight  shells  did  not  function 
at  all. 


(b)  T;.e  Aher  25  shells  functioned.  Rupture  of 
these  shells  c*r.  Latently  occurred  before  the  shells  had  passed 
more  than  h'if  v.  /  through  the  plate.  These  shells  produced  : 
l-rge  le  (6-7  if.,  diameter)  in  the  plate. 

(6)  .083  in.  target  pl  .te  inclined  at  20  f  to  the  line 
of  fin  .  ( F i . ■  ur o  JO,  11) 

(  ;  The  shells  all  functioned  consistently  and 
ruptui  eO  bef  r  .  having  passed  half  v..  .y  thr  ugh  the  plate. 

(b)  The  explosion,  of  the  shells  produced  a  hole 
approximately  ^  p/d  in.  in  diameter  in  the  plate.  The  momentum 
impartee  to  the  petals  on  the  back  of  the  plate  J'ro/r.  the  impact 
of  the  mushroomed  shell  base  caused  them  to  curl  back  and  form 
a  mu r.n  laipcr  hole  (d  1/2  ins.  in  diameter) 

(  ■)  l/8  in.  (.125  in.)  target  pl.te.  (Figure  1..,  Jo,  1/,) 
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(c)  The  momentum  imparted  to  the  petals  on  the 
back  of  the  plate  from  the  force  of  the  explosion  caused  them 
to  curl  back  and  form  a  large  hole  (6  -  7  in.  in  diameter). 

(d)  The  20  mm  H.E.I.  Shell  MK-I  (Fuze  #253,  MK-D) 
functioned  in  a  similar  manner  when  fired  through  the  same  thick¬ 
ness  of  plate,  (10) 

(7)  l/k  in.  (.250  in.)  target  plate.  (Figure  15,  16,  17) 

(a)  The  shells  all  functioned  before  passing  through 

the  plate, 

(b)  The  shells  start  to  swell  approximately  20  micro¬ 
seconds  after  impact.  Rupture  of  the  shells  takes  place  before 

the  bourrelets  of  the  shells  have  passed  through  the  plate  (approx im.it' 
/+0  microseconds  after  impact). 

(c)  The  momentum  impart -d  to  the  petals  on  the  back  of 
the  plate  from  the  force  of  the  explosion  caused  thm.i  to  curl  back 
to  form  a  hole  approximately  5  in.  in  dimeter. 


The  shells  swell  to  almost  twice  normal  di-meter  tefotw 
visible  rupture  takes  place.  The  nose;;  oj  the  she  ll  breaks  up 
into  fragments.  In  the  car-  of  the  H.E.I.  KK-ffi shell  the  nos es  of 
the  shells  remained  in  one  i  i  ce.  Th-  fragment  .lion  of  the  rest  of 
the.  shells  is  similar  to  that  of  the  MK-JIL  shells  (i.  e.  rupture  of  the 
shell  body,  mushrooming  out  of  th-  last  of  the  shell). 
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fire  the  shells  frequently  passed  completely  through  the  plate  before 
functioning.  The  functioning  of  the  shell  is  also  dependent  on 
the  striking  velocity,  '.hen  fired  at  a  striking  velocity  of 
approximately  1600  f/s  against  the  plate  placed  normal  to  the  line 
of  fire  eight  shells  out  of  35  fired  did  not  function  at  all. 

In  order  to  form  a  large  hole  in  the  plate  the  shell 
must  function  and  rupture  before  it  has  passed  more  than  half 
through  the  plate, 

V.  RECOIvI^JDaTIONS 


It  is  recommended  that  in  the  development  of  20  mm 
Incendiary,  H.E.I.,  and  H.  E,  Shells  that  the  functioning  of  those 
shells  be  studied  by  means  of  high  speed  X-ray  pictures. 
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Stationary  X-Ray  Plctuie  of  20  an.  H.E.I. 
Shall  U  97  {T  23}  With  fuze  P.D.  T  71  K  4 


1  Detonator,  Approxlcately  5.0  graine  Mercury  Fulainate 

2  Lower  Detonator,  Approximately  2.69  gralna  Lead  Aside 

3  Magazine  Charge.  Approximately  2,9  graiaa  TWtryl 

4  TWtryl,  Approximately  83.4  gralna  T» tryl 

5  Incendiary  Caepoaltlon,  Approximately  34.0  ermine 
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High  Speed  I- Ray  Picture a  of  the  Functioning 
of  BO  n.  HJ.I.  Shall  M  97  (T  S3)  when  fired 
through  an  .012  in.  mild  a  tool  target  pieced 
normal  to  the  lino  of  fire.  Fuxe  P.D.  T  71  I  4. 


Bo  oruah  up  of  the  windshield  oa  a  result  of  the  impact 


KJ5Q.  #13059-2 


noun  2 


9  JUW  :.945 


1 


i  '  u  - 


•in  ;  **_«• 


H.2.I. 
.’)  '"TCRL 
T  ”i  *  /\ 


V 


High  Speed  X-Ray  Pictures  of  the  Functioning  of  20  mm.  H.E.I. 
Shell  H  97  (T  23)  when  Fired  through  a  l/l6  in.  mild  steel 
target  placed  normal  to  the  line  of  fire.  Fuze  PAD.  T  71  E  4 


»  >r;«*od 1 cular  picture  of  this  shell  takes  approx  laa  tel  j  44  aleroaeoo&ds  later. 
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HIGH  SPEFD  X-RAY  PICTURES  OF  THE  FUNCTIONING 
OF  20  MM  HE  I  SHELL  MK  I  WHEN  FIRED  THROUGH 
A  i|N  MILD  STEEL.  PLATE  PLACED  NORMAL  TO  THE 
LINE  OF  FIRE 
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’Mt  N-iSF  O*  rm  SMELL  HAS  PASSED  THROUGH  THE  PLATE 
’mLHI  HAS  HUN  HO  Srtrf  T  of  THE  DETONATING  PARTS  Of 
Th|  »U/I 


'HE  SHU  l  has  S  TARTU)  TO  SWELL  IN  THE  REGION  Of  THE 
Hi MJHHE i  f  T  THE  BOOSTER  MAS  NOT  TE  t  DETONATED 


’•*{  SHILL  HAS  SWELLED  MJRE  THAN  THE  SHELL  PICTURED 
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TMl  HOURHLl  £  T  THI  BOOS  TEH  HAS  DETONATED  THE  RING 
PI  tAl  S  about  the  SMELL  CAN  0t  SEEN 


Till  SHILL  ROUT  HAS  SWELLED  TO  Al  MOST  TWICE  NORMAL 
O' AMI  TER  TH|  ME  TAi  S  HAVE  CONSTRAINED  THE  BOURSE  L  E  T 
Hli.RH  01  TMl  SHE  LI  FROM  SWELLING  AS  HAMlDl  T  AS  THE 
HOP?  Of  TMl  SMELL  »H|  HAS!  0»  T»^€  SHELL  MAS  SWU 1 1  £ 
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iigh  Speed  X-Ray  Pictures  of  the  Functioning  of  20  mm 
(Navy)  When  Fired  Ttirough  a  l/e  in.  Mild  Steel  Target 
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H.E.  Shall,  MK-3 
Placed  Normal  to 
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